###### Strengths and limitations of this study

-   This study is the first to assess the PLR and NLR as possible markers of inflammation and disease activity in patients with TAK.

-   It provides accurate cut-off values for PLR and NLR to evaluate disease activity of TAK.

-   This study provides a simple and convenient method for the clinical evaluation of TAK disease activity.

-   This is a retrospective cross--sectional study; a prospective cohort study should be carried out in the future.

Introduction {#s1}
============

Takayasu's arteritis (TAK) is a systemic autoimmune large vessel vasculitis, mainly involving the aorta and its branches. TAK causes aortic injury such as stenosis, occlusion, haemangioma or dissection and other serious complications which result in tissue and organ ischaemia, dysfunction and even vascular rupture leading to sudden death in severe cases.[@R1] The pathology of TAK is characterised by inflammatory cell infiltration along with granulomatous inflammation as well as by excessive proinflammatory cytokine production.[@R2] Inflammatory markers such as erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) are commonly used to monitor disease progression. Although CRP and ESR are often useful to follow patients with TAK, some patients suffer from worsening of vasculitis without increasing CRP or ESR. These systemic inflammatory markers do not always show a positive correlation with inflammatory activity in the vessel wall.[@R3]

Recent studies have shown that an abnormal neutrophil-to-lymphocyte ratio (NLR) is also associated with autoimmune diseases such as psoriasis,[@R4] ulcerative colitis,[@R5] rheumatoid arthritis (RA),[@R6] systemic lupus erythematosus (SLE), Sjögren's syndrome (pSS)[@R7] and Behçet's disease.[@R8] Platelets also play an active role in inflammation and have regulatory roles in the immune system, so the platelet-to-lymphocyte ratio (PLR) has also been suggested in recent years as a potential marker to determine inflammation. Similar to NLR, PLR is also used as an index for differential diagnosis or prognostic prediction of diverse diseases such as cancer,[@R9] metabolic syndrome[@R10] and inflammatory diseases, especially for evaluating cardiovascular risk and events.[@R11] However, research on the association of PLR and NLR with TAK is limited. Therefore, in this retrospective study we analysed the medical records of 88 patients with TAK and 78 healthy individuals to evaluate the PLR or NLR in patients with TAK and compared it with controls.

The aim of the study was to define the possible association of PLR and NLR with the inflammatory response and disease activity in TAK. The relationship of PLR or NLR with TAK disease activity was also evaluated.

Methods {#s2}
=======

Patients {#s2a}
--------

A total of 88 patients with TAK were enrolled in this retrospective study according to the criteria for classification of TAK developed by the American College of Rheumatology (ACR) in 1990. All the patients had glucocorticoid withdrawal for at least 6 months or were newly diagnosed without treatment, and patients with drug-related reduction in white blood cells were excluded. Patients who had chronic or current infections, tumours, haematologic diseases, other autoimmune diseases, lymphoproliferative disorders, hepatosplenic diseases or a history of allergic diseases were also excluded. Disease activity was assessed in patients with TAK using a modified version of Kerr's criteria. Kerr's criteria are used to define 'active disease' if two of the following criteria are positive: (1) systemic features with no other cause; (2) elevated ESR; (3) indications of vascular ischaemia or inflammation (eg, claudication, diminished or absent pulses, bruit, vascular pain, asymmetric blood pressure); or (4) typical angiographic features (including any imaging method in addition to conventional angiography). All the patients were recruited from the Department of Rheumatology and Immunology, Beijing Anzhen Hospital during the period from January 2013 to December 2015. Seventy-eight age- and sex-matched healthy donors were recruited from the healthcare centre of Anzhen Hospital as controls. This study was approved by the Ethics Committee of Beijing Anzhen Hospital.

Blood sample collection {#s2b}
-----------------------

For each subject, 4 mL of venous blood was drawn in the morning after 12 hours of fasting. The blood was then placed in a tube without anticoagulation and the serum was collected after the blood was coagulated and centrifuged at 3000 rpm for 5 min. The total and differential leucocyte counts were determined using a Beckman Coulter LH 780 (Beckman Coulter Ireland, Mervue, Galway, Ireland). A Hitachi 7600--120 automatic biochemical analyser was used to test the serum parameters.

Statistical analysis {#s2c}
--------------------

Values are expressed as mean±SE. Differences between measured parameters in patients and controls were assessed by the unpaired t-test. If the data were not normally distributed, the Mann--Whitney test was applied; the assessment of qualitative parameters was performed by the χ^2^test. Pearson's approach was used to quantitate the correlation between variables. A receiver-operating characteristic (ROC) curve was constructed to determine the predictive value of PLR and NLR in the patient group. A p value \<0.05 was considered statistically significant. All statistical studies were carried out with the SPSS program V.16.0 (SPSS, Chicago, Illinois, USA).

Results {#s3}
=======

Basic characteristics of the study sample {#s3a}
-----------------------------------------

Clinical characteristics and laboratory findings of the 88 patients with TAK and 78 healthy controls are given in [table 1](#T1){ref-type="table"}. Patients with TAK had a median age of 39.35 years (range 17--63), with a gender distribution of 78 women (88.63%) and 10 men (11.36%). In the control group the median age was 36.46 years (range 18--57) with a gender distribution of 68 women (87.18%) and 10 men (12.82%). There was no difference in age or gender between the TAK and control groups. The total white blood cell (WBC) and neutrophil counts were significantly higher in the patient group (p=0.000 and p=0.000, respectively). PLR and NLR were markedly elevated in patients with TAK compared with controls (p=0.023 and p=0.001, respectively). ESR and serum hs-CRP levels were higher in the patient group than in controls (p=0.000 and p=0.000, respectively). No differences in other blood parameters such as lymphocyte (LY) count, platelet count, serum levels of alanine aminotransferase (ALT), urea nitrogen (BUN) and creatinine (Cr) were observed between the groups ([table 1](#T1){ref-type="table"}).

###### 

Laboratory parameters of patients with TAK and healthy controls

  Parameters             Controls (n=78)      TAK patients (n=88)   p Value
  ---------------------- -------------------- --------------------- ---------
  Age (years)            36.46±7.23           39.35±15.03           0.235
  Gender (female/male)   68/10                78/10                 0.774
  WBC (10^9^/L)          5.53±1.60            7.43±2.88             0.000
  LY (109/L)             1.72±0.46            1.81±0.73             0.342
  NE (109/L)             3.37±1.29            4.97±2.44             0.000
  PLT (109/L)            247.21±45.49         241.82±79.69          0.387
  MPV (fL)               10.21±0.98           10.37±0.97            0.269
  PDW %                  12.43±1.73           11.98±1.95            0.052
  ALT (U/L)              15.40±8.94           17.00±12.48           0.152
  BUN (mmol/L)           5.31±2.01            5.52±3.29             0.177
  Cr (μmol/L)            63.87±10.47          75.57±14.37           0.422
  ESR (mm/hour)          4.39 (2.00--12.00)   19.62 (1.00--92.00)   0.000
  hs-CRP (mg/L)          0.63 (0.08--2.30)    9.50 (0.08--38.62)    0.000
  NLR                    2.01±0.89            3.86±3.28             0.001
  PLR                    149.58±39.65         167.44±76.58          0.023

ALT, alanine aminotransferase; BUN, blood urea nitrogen; Cr, creatinine; ESR, erythrocyte sedimentation rate; hs-CRP, high-sensitivity C-reactive protein;LY, lymphocyte; MPV, mean platelet volume; NE, neutrophil; NRL, neutrophil-to-lymphocyte ratio; PDW,  platelet distribution width; PLR, platelet-to-lymphocyte ratio; PLT, platelet; n, number of patients; TAK, Takayasu's arteritis; WBC, white blood cell.

PLR and NLR were increased in TAK patients with disease activity {#s3b}
----------------------------------------------------------------

The total WBC count, neutrophil count and platelet count were all increased in the active TAK group (p=0.001, p=0.001 and p=0.004, respectively). Serum immunoglobulin (Ig)A, IgG and complement 3 (C3) were significantly higher in the active TAK group than in the inactive patients (p=0.007, p=0.011 and p=0.000, respectively). ESR and serum hs-CRP levels were higher in the active patient group than in the inactive group (p=0.000 and p=0.000, respectively; [table 2](#T2){ref-type="table"}). As shown in [figure 1](#F1){ref-type="fig"}, both PLR and NLR were significantly elevated in patients with active TAK compared with the inactive group (p=0.012 and p=0.010, respectively; [figure 1](#F1){ref-type="fig"}).

![Comparison of platelet-to-lymphocyte ratio and neutrophil-to-lymphocyte ratio between patients with inactive and active Takayasu's arteritis (TAK).](bmjopen-2016-014451f01){#F1}

###### 

Comparison of parameters in patients with active and inactive TAK

  Parameters                  Inactive TAK (n=45)   Active TAK (n=43)     p Value
  --------------------------- --------------------- --------------------- ---------
                                                                          
  Age (years)                 39.54±14.75           37.90±15.68           0.227
  Gender (female/male)        41/4                  37/6                  0.454
  Disease duration (months)   15.59±6.86            13.94±7.43            0.853
  WBC (10^9^/L)               6.61±2.04             8.74±3.65             0.001
  LY (10^9^/L)                1.77±0.62             1.87±0.81             0.526
  NE (10^9^/L)                4.33±1.81             5.86±2.34             0.001
  PLT (10^9^/L)               224.16±64.14          266.34±91.68          0.004
  ALT (U/L)                   19.49±16.06           17.62±9.46            0.622
  BUN (mmol/L)                5.69±3.96             5.26±2.21             0.498
  Cr (μmol/L)                 71.10±21.12           81.60±14.75           0.563
  IgA (g/L)                   1.82±0.95             2.57±1.30             0.007
  IgG (g/L)                   9.50±2.27             11.58±4.57            0.011
  IgM (g/L)                   1.33±0.76             1.38±0.85             0.812
  C3 (g/L)                    0.97±0.15             1.21±0.20             0.000
  C4 (g/L)                    0.59±0.29             0.71±0.32             0.079
  ESR (mm/hour)               8.39 (1.00--19.00)    33.81 (4.00--92.00)   0.000
  hs-CRP (mg/L)               1.85 (0.08--32.83)    20.04 (0.49--38.62)   0.000

ALT, alanine aminotransferase; BUN, blood  urea nitrogen; Cr, creatinine; C3, complement 3; C4, complement 4; ESR, erythrocyte sedimentation rate; hs-CRP, high-sensitivity C-reactive protein; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M; LY, lymphocyte; NE, neutrophil; n, number of patients; PLT, platelet; TAK, Takayasu's arteritis; WBC, white blood cell.

PLR and NLR had positive correlations with disease activity in patients with TAK {#s3c}
--------------------------------------------------------------------------------

As shown in [table 3](#T3){ref-type="table"}, PLR was positively correlated with hs-CRP (r=0.239, p=0.010) and ESR (r=0.270, p=0.010). NLR also exhibited a positive relationship with Kerr's score (r=0.284, p=0.002), hs-CRP (r=0.313, p=0.006) and ESR (r=0.249, p=0.019) ([table 3](#T3){ref-type="table"}).

###### 

Correlation of laboratory findings with disease activity in patients with TAK

        Kerr's score   hs-CRP   ESR                     
  ----- -------------- -------- ------- ------- ------- -------
  WBC   0.336          0.000    0.458   0.000   0.388   0.000
  LY    0.054          0.602    0.119   0.205   0.276   0.023
  NE    0.311          0.001    0.466   0.000   0.327   0.356
  PLT   0.353          0.000    0.345   0.000   0.490   0.000
  PLR   0.185          0.052    0.239   0.010   0.270   0.010
  NLR   0.284          0.002    0.313   0.006   0.249   0.019

LY, lymphocyte; NE, neutrophil; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PLT, platelet; TAK, Takayasu's arteritis; WBC, white blood cell.

Receiver-operating characteristic (ROC) curves of PLR and NLR for TAK disease activity {#s3d}
--------------------------------------------------------------------------------------

We performed a ROC analysis to determine whether the best cut-off values for PLR and NLR predict TAK disease activity (Kerr's score). For PLR, the area under the curve was 0.691 (95% CI 0.580 to 0.802, p=0.002) and the best cut-off value was 183.390, with sensitivity and specificity of 37.8% and 93.0%, respectively. For NLR, the area under the curve was 0.697 (95% CI 0.588 to 0.806, p=0.001) and the best cut-off value was 2.417, with sensitivity and specificity of 75.6% and 55.8%, respectively ([figure 2](#F2){ref-type="fig"}).

![Receiver-operating characteristic (ROC) curves for the platelet-to-lymphocyte ratio (PLR) and neutrophil-to-lymphocyte ratio (NLR) (Kerr criteria as the standard). For PLR, the area under the curve was 0.691, with 37.8% sensitivity and 93.0% specificity. For NLR, the area under the curve was 0.697, with sensitivity and specificity of 75.6% and 55.8%, respectively.](bmjopen-2016-014451f02){#F2}

Using hs-CRP as standard, for PLR the area under the curve was 0.775 (95% CI 0.687 to 0.871, p=0.000) and the best cut-off value was 152.872, with sensitivity and specificity of 64.7% and 83.9%. For NLR, the area under the curve was 0.698 (95% CI 0.588 to 0.808, p=0.002) and the best cut-off value was 3.321, with sensitivity and specificity of 52.9% and 81.1% ([figure 3](#F3){ref-type="fig"}).

![Receiver-operating characteristic (ROC) curves for the platelet-to-lymphocyte ratio (PLR) and neutrophil-to-lymphocyte ratio (NLR) (C-reactive protein as the standard). For PLR, the area under the curve was 0.775, with 64.7% sensitivity and 83.8% specificity. For NLR, the area under the curve was 0.698, with sensitivity and specificity of 52.9% and 81.1%, respectively.](bmjopen-2016-014451f03){#F3}

Using ESR as standard, for PLR the area under the curve was 0.718 (95% CI 0.609 to 0.827, p=0.001) and the best cut-off value was 158.514, with sensitivity and specificity of 53.8% and 83.3%, respectively. For NLR, the area under the curve was 0.688 (95% CI 0.576 to 0.800, p=0.003) and the best cut-off value was 2.072, with sensitivity and specificity of 82.7% and 47.2%, respectively ([figure 4](#F4){ref-type="fig"}).

![Receiver-operating characteristic (ROC) curves for the platelet-to-lymphocyte ratio (PLR) and neutrophil-to-lymphocyte ratio (NLR) (erythrocyte sedimentation rate as the standard). For PLR, the area under the curve was 0.718, with 53.8% sensitivity and 83.3% specificity. For NLR, the area under the curve was 0.688, with sensitivity and specificity of 82.7% and 47.2%, respectively.](bmjopen-2016-014451f04){#F4}

Discussion {#s4}
==========

This study analysed the correlations of PLR and NLR with disease activity in patients with TAK. The findings first showed that both PLR and NLR were increased in TAK, especially in patients with disease activity. There were positive correlations in patients with TAK between PLR and disease activity and between NLR and disease activity. Furthermore, our results suggest that PLR and NLR may be potential indicators of assessment of the disease activity in TAK.

Platelets play an active role in inflammation. In many studies of inflammatory arthritis, evidence has been found for an increase in platelet activation.[@R11] Platelet inhibition was found to counterbalance the rises in interleukin 6 (IL-6) and CRP in patients with acute cardiovascular diseases. Platelets extensively interact with leucocytes in vascular diseases such as atherosclerosis and are regarded as central players in the pathophysiology of vascular inflammation. Increased mass of circulating platelets is probably a consequence of chronic inflammation. Activated platelets not only produce growth factors such as platelet-derived growth factor and transforming growth factor-β, but also release chemokines, which have important effects in vascular inflammation leading to thrombosis.[@R13] Similar to other inflammatory diseases, even in patients with inactive TAK the risk of atherosclerosis is also increased.[@R14] It has been suggested that the scores of delayed contrast-enhanced MRI are moderately correlated with CRP, platelet count and fibrinogen levels (p\<0.05).[@R15] There are some basic studies about the use of antiplatelet agents in TAK.[@R16] Antiplatelet treatment may also lower the frequency of ischaemic events in TAK.[@R18] In the limb affected by arterial stenosis, more platelet aggregation and higher levels of thromboxane were reported in patients with TAK, and these findings were shown to improve after treatment with aspirin 80 mg/day.[@R14] It is believed that endothelial injury and dysfunction caused by increased platelet activity and vascular inflammation are important factors for thrombosis development in TAK. A recent retrospective observational study suggested that antiplatelet therapy was associated with a lower frequency of ischaemic events in patients with TAK.[@R19] Prednisone at a dosage of 1 mg/kg twice a day decreased the platelet count within 45 days of its initiation. TAK should be considered in the differential diagnosis of unexplained thrombocytosis, particularly in young women.[@R20] In the current study there was no difference in platelet counts between TAK patients and controls, while the platelet counts of active patients were significantly higher than those of inactive patients, and correlated with disease activity indices such as hs-CRP and ESR. ROC analysis has suggested that PLR predicts TAK disease activity. Our results indicate that the platelet is activated in TAK, in parallel with disease activity.

Neutrophils, also essential mediators of host defence, can produce many inflammatory mediators and cytokines and bridge the innate and adaptive immune responses in autoimmune diseases.[@R21] Research evidence has demonstrated that neutrophils persist beyond acute inflammation to initiate and perpetuate chronic inflammation. Recent studies have indicated that changes in neutrophils are involved in the development of a variety of autoimmune diseases. There was a higher NLR in patients with psoriasis vulgaris than in the control group,[@R4] and the abnormal NLR level was associated with RA,[@R6] SLE, pSS[@R10] and Behçet's disease.[@R8] Another study investigated the neutrophil--platelet interaction in patients with granulomatosis with polyangiitis and suggested that platelet--neutrophil aggregates correlate positively with the disease activity score.[@R22] Proinflammatory cytokines IL-17, IL-8, interferon γ and tumour necrosis factor α (TNF-α) also play prominent roles in the recruitment, activation and survival of neutrophils at inflammatory sites,[@R23] and expression of these cytokines was significantly increased in TAK.[@R24] In RA, anti-TNF-α therapies reduce IL-33 receptor expression on neutrophils and subsequently decrease neutrophil migration, and impaired chemotaxis of neutrophils may lead to a decrease in inflammation and disease severity in RA.[@R25] Our data showed that neutrophils were increased in patients with TAK and were positively correlated with disease activity. This is similar to previous results in other autoimmune diseases. Similarly, our study found that both total WBC and neutrophil counts were significantly higher in patients with TAK than in controls, and NLR was significantly higher in patients with active disease. In order to clarify the correlations between NLR and TAK disease activity, we evaluated the level of the NLR and Kerr's score, hs-CRP and ESR in patients with TAK and found that NLR is positively correlated with TAK disease activity. All these findings suggest that PLR and NLR could be used to reflect the inflammatory response and disease activity in TAK.

This was a retrospective study of a sample of patients undergoing immunosuppressive therapy, which may influence the peripheral cell counts. A prospective cohort study with larger numbers of TAK cases is needed to clarify the mechanism of PLR and NLR in TAK disease activity.

Conclusion {#s5}
==========

In conclusion, the present study is the first to assess PLR and NLR in patients with TAK and evaluates their relationship with disease activity. We found a higher level of PLR and NLR in the patient group compared with the control group and in patients with active disease compared with patients in remission. We evaluated their correlation with Kerr's score, hs-CRP and ESR in the patient group. The results of our study suggest that a high PLR or NLR may indicate an increased inflammatory response associated with disease activity in patients with TAK.
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